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Abstract—The primary characteristic of previous concrete
is high porosity with interconnected voids between aggregate
particles. This permits the use of this specialty concrete as a
permeable pavement material. It prevents storm water runoff
from causing flooding and erosion downstream. This paper
attempts to optimize the compressive strength and infiltration
rate of pervious concrete for use as a pavement material in low
traffic parking lot areas at a site in suburban Mumbai.
Keywords: pervious concrete; no-fines concrete; concrete
pavement; infiltration; rainwater management
Nomenclature:
IR Inflitration Rate (litres/m2/min)
VM Measured Volume of Water (litres)
CS Cross-sectional area of cube (m2)
T Time required for draining out entire volume (min.)
I. INTRODUCTION
PAVED surfaces have become very common all over theworld due to urbanization. The rainwater that would
earlier percolate into the ground is now turned into runoff,
which requires proper storm water management to ensure
adequate ground water recharge. The use of pervious concrete
as pavement material with little or almost no fine aggregate
and just enough cementations paste to bind together the coarse
aggregate has been recognized as Best Management Practice
(BMP) by the US Environment Protection Agency (EPA). By
allowing the storm water to percolate into the ground surface,
pervious concrete allows the recharge of groundwater table in
addition to reducing the amount of runoff. The lower amount
of runoff now requires sewers of smaller capacity and reduces
the need or size of retention basins. Pervious concrete also acts
as a filtration device and reduces the pollutant load entering the
ponds and rivers. An additional benefit of pervious concrete is
to provide air and water to the root system of trees, allowing
them to grow well even in urban areas. [1]
Pervious concrete is also known as no-fines concrete, gap-
graded concrete or porous concrete. It essentially consists of
cement, coarse aggregate, water and little or no fine aggregate
[2]. Due to the presence of very less sand (or fine aggregate)
the void content of the mix is raised considerably. These
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interconnected voids allow water to pass through the inter-
stices. Due to its high void content, varying between 18% and
35% [3], pervious concrete is also a lightweight material, with
density ranging from 1600 kg/m3 to 1900 kg/m3 [4]. However,
due to its high void content the strength of pervious concrete is
highly variable, as compared to conventional concrete whose
compressive strength can vary from 17MPa to 70 MPa [5].
The grading of aggregate used in pervious concrete is gen-
erally between 3/4 to 3/8 inches (19 to 9.5mm) or sometimes
even a single sized coarse aggregate is used. Larger size of
aggregate would yield more porosity but would give the surface
a very jagged look [6]. Concrete strength is directly related
to porosity and the water-cement ratio (w/c). Water and its
application in pervious concrete are extremely critical as no
fines are used and strength relies on the bond of cement paste
and its interface with the aggregate. The proper water cement
ratio needs to be maintained to ensure optimum strength with-
out much affecting the permeability characteristics of pervious
concrete. Typically the w/c ratio used in pervious concrete
ranges between 0.25 to 0.4, thus yielding low workability [6].
The aggregate to cement ratio is another important aspect
of pervious concrete. Higher compressive strength can be
achieved by more cement paste but this will lead to clogging
of pores which can be a problem for proper functioning of
pervious concrete. Generally aggregate to cement ratio adopted
is in the range of 4.0 to 4.5 by weight [6].
Pavement permeability in the range of 200 to 800 cm/h are
commonly observed, and permeability exceeding 2,000 cm/h is
readily achievable, although with lower compressive strength
[7] [8].
II. METHODOLOGY
A laboratory study evaluating strength and permeability
characteristics of a porous concrete mix was performed. The
experiments included compressive strength tests, void ratio and
infiltration rate test on clean specimens. The experiments were
performed on specimens of size 150 mm x 150 mm x 150 mm
cube. Grade 53 ACC cement was used with aggregate size
passing through 12 mm sieve and retained on 10mm sieve.
Super plasticizer: Sunanda Polytancrete NTG was used and
sugar was added as a retarder. A steel tamping rod with 16mm
diameter and 0.6m length and having bullet ends was used for
compacting the concrete.
1) Method for Mixing, Casting and Curing: Cement and
fine aggregate were mixed on a water tight non-absorbent
platform until the mixture was thoroughly blended and had
uniform colour. Coarse aggregate was then mixed in until
the coarse aggregate was uniformly distributed throughout the
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batch. Water was then added until a homogeneous mix was
achieved. All materials were mixed in the proportion shows in
Tables 1 and 2.
The moulds were cleaned and oil was applied to the inner
surfaces. Concrete was placed in the moulds in 5 cm thick
layers and compacted with about 35 strokes per layer using a
tamping rod. The top surface was leveled and smoothened with
a trowel. Once the concrete hardened, moulds were opened and
concrete cubes were kept for curing.
The moulds were cured using wet jute bags for 24 hours
and then submerged in clear, fresh water until testing.
III. TESTING
Compressive strength of the specimens was noted as the
crushing strength of the sample and was tested in the universal
testing machine. The samples were tested for compressive
strength after 7 days, 14 days and 28 days.
TABLE I. TRIAL 1
Mix Design Aggregate/
Cement
Ratio
Water/
Cement
Ratio
Cement (kg) Remarks
M1 5:1 0.32 6.29 1. Sugar (retarder):
0.15% of cement
weight
2. Superplasticizer:
2.5% of cement
weight
3. Machine Mixing,
Compaction by
tamping rod and
Vibrations
M2 6:1 0.38 6.29 1. Sugar (retarder):
0.15% of cement
weight
2. Superplasticizer:
0.5% of cement
weight
3. Machine Mixing,
Compaction by
tamping rod and
Vibrations
M3 1:1:5 0.32 6.29 1. Sand Content
(1:1:5): 6.29kg
2. Sugar (retarder):
0.10% of cement
weight
3. Superplasticizer:
1.5% of cement
weight
4. Machine Mixing,
Compaction by
tamping rod and
Vibrations
The void ratio of pervious concrete is measured on 6th day
and 27th day after casting of pervious concrete. The pervious
concrete cube was wrapped up with polythene covering all
its vertical faces and bottom face and leaving only the top
face open. Water was poured till all the voids were filled and
water surface reached the top face of the cube. Once pouring
of water was stopped and all voids were filled, the cube was
turned upside down and all the water was allowed to drain
out. It was collected into a container and the volume of water
collected was measured. The measured volume was considered
equal to the volume of voids in cube. The void ration was then
calculated as:
TABLE II. TRIAL 2
Mix Design Aggregate/
Cement
Ratio
Water/
Cement
Ratio
Cement (kg) Remarks
M1 5:1 0.32 4.49 Hand Mixing, Com-
paction by tamping
rod, No Vibrations
M2 6:1 0.38 4.49 Hand Mixing, Com-
paction by tamping
rod, No Vibrations
M1 5:1 0.32 4.49 1. Hand Mixing,
Compaction by
tamping rod, No
Vibrations
2. Aggregate size
between 10mm and
12mm
V oidRatio(percent) =
V olumeOfV oids
V olumeOfCubes
∗ 100 (1)
The infiltration rate of pervious concrete was also measured
on 6th day and 27th day after calculating the void ratio. The
pervious concrete cube was placed in a polythene bag such that
top face of cube and that of polythene bag coincided. All the
vertical faces of the cube were made water-tight by sticking
tape to the polythene bag and leaving top face open outside,
bottom face open inside the bag (Figure 1). The remaining
length of the polythene bag which was not wrapped around
cube was kept free to contain water which would be poured in
from top face and percolated through pervious concrete cube
through the bottom face. Measured volume of water (approx.
6-8 liters.) was poured in from top face into the polythene bag
through pervious concrete cube. The cube was then turned
upside down and all the water collected inside the polythene
bag was now allowed to percolate through pervious concrete
cube and out of the bag. The time required for draining out
all the water was noted. The infiltration rate was calculated as
IR =
VM(liters)
CS(m2) ∗ T (min) (2)
IV. RESULTS AND DISCUSSION
The experiments performed on the pervious concrete cubes
yielded the 28 day compressive strength values between 4MPa
and 19MPa (Refer Tables 3 and 4). Similarly void ratio ranged
between 6% to 20% and infiltration rate ranged between 300
lit/min/m2 and 1864 lit/min/m2.
The cubes failed due to disintegration at the time of remov-
ing the mould for Trial 1. This can be attributed to the fact that
excessive dosage of super plasticizer, retarders and machine
vibration lead to segregation which further lead to settlement
of cement prior to hydration. Due to lack of binding, the cube
disintegrated. Hence, no testing was possible on Trial 1 M1
and M2.
For Trial No. 1 M3, the 28 day strength observed was 19.46
MPa whereas for Trial No. 2 M1 it reduced to 4.31 MPa. The
reason for this can be attributed to 15% sand present in Trial
No. 1 M3 and absence of sand in Trial No. 2 M1.
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Fig. 1. Pervious Concrete cube enclosed in polythene bag
TABLE III. PROPERTIES OF PERVIOUS CONCRETE FOR TRIAL 1
Mix Design Compressive Strength (MPa) Void Ratio (%) Infiltration
Rate
(lit/min/m2)
7 day 14 day 28 day
M1 - - - - -
M2 - - - - -
M3 8.88 15.6 19.46 6.2 300
In general, it was observed that as the compaction energy
on the sample increased, the compressive strength of the
sample increased. It was also noted that in Trial No. 2 M1
and M2, the 28 day strength was lower than the 7 day
strength because curing was not accomplished correctly. The
results obtained after testing void ratio and infiltration rate,
showed that both these are directly proportional to each other,
but inversely proportional to the compressive strength. The
infiltration rate for Trial No. 1 M3 was observed to be very
low (300 lit/min/m2) and was probably due to the presence
of segregated cement layers at the faces of the cube. The
void ratio and infiltration values observed were consistent and
within the desired range except for Trial 1.
TABLE IV. PROPERTIES OF PERVIOUS CONCRETE FOR TRIAL 2
Mix Design Compressive Strength (MPa) Void Ratio (%) Infiltration
Rate
(lit/min/m2)
7 day 14 day 28 day
M1 5.55 6.23 4.31 19.97 1512
M2 7.46 7.58 5.55 20.47 1864
M3 9.33 11.26 14.10 14.67 1239
V. CASE STUDY
As a part of this study, a residential colony in the western
suburbs of Mumbai was considered as a case study and an
attempt was made to study the suitability of pervious concrete
for rainwater management and as a pavement material in
a parking lot. Mumbai city receives seasonal rainfall for 4
months from June to September with an average rainfall is
2600 mm. Most of the rain at the project site was observed to
flow away as run-off and the bore wells drilled at the site did
Fig. 2. Typical Section of Pervious Concrete pavement
not yield any ground water. Pervious concrete, when used at
the site in the parking lot area would help recharge the ground
water table. A traffic survey performed at the site revealed an
average number of vehicles of 100 to 150 vehicles per day
which indicates a low traffic volume.
The average maximum one day rainfall for the last five years
(2008 to 2012) has been shown in Table 5. The values are then
converted to rate of rainfall in mm/min. On comparing these
values to the infiltration rate of 1239 lit/mm/m2 (equal to 1239
mm/min), it can be readily concluded that the pervious con-
crete can easily allow the rain water to percolate. Considering
the worst case data from the history of Mumbai on July 26,
2005 when 664 mm rain was noted in 12 hours, the rate can be
calculated as 0.894 mm/min. This is still very low compared
to the capacity of the pervious concrete to drain the rain water.
However, the existing soil at the site was observed to be murum
(generally a coarse grained soil with 15% to 30% fines). The
permeability of this soil may be assumed to be 5 x 10-5 cm/s
(0.033 mm/min).
TABLE V. HIGHEST ONE-DAY RAINFALL - AVERAGE OF LAST FIVE
YEARS (2008-2012)
Month Rainfall (mm) Rate (mm/min)
June 128.84 0.089
July 161.58 0.112
August 129.8 0.090
September 116.48 0.081
The controlling factor then becomes the permeability of
the underlying soil. The solution to this can be achieved by
providing four layers as shown in Figure 2.
The first layer shall consist of a minimum 6 inches (150mm)
of pervious concrete [10] followed by minimum 6 inches of
clean gravel. A filter fabric (non-woven geotextile) is placed
between the native soil and the gravel to prevent the migration
of fines. The stored water may also be diverted to the bore
wells using a pipe network, thus helping recharge the ground
water table.
VI. CONCLUSIONS AND FINDINGS
It can be concluded that pervious concrete can be used
as an effective rain water management tool when used as a
pavement material in low traffic area. Trial No. 2 M3 gave
the optimum balance between strength of concrete and rate
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of infiltration. The mix used aggregate between 10mm and
12mm of size with an aggregate to cement ratio of 5:1 and a
w/c ratio of 0.32. Hand mixing was performed and compaction
was achieved using a tamping rod. No vibrations were induced
during compaction to prevent segregation of the cement paste.
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